Objective: To evaluate therapy with high doses of 111 Indium pentetreotide in a patient with bone metastases from a carcinoid of the pancreas. Case report: A 55-year-old male presented in November 1990 with stomach ache with dorsal irradiation. Ultrasonography and computed tomography (CT-) scans of the abdomen revealed a tumour of the tail of the pancreas and liver metastases. Histological examination revealed a neuroendocrine tumour. Surgery and polychemotherapy were initiated and after seven cycles a tumour regression of 30% was achieved. During follow-up multiple metastases were seen upon bone scintigraphy for which treatment with high doses Indium-111-octreotide was initiated. Materials and methods: The patient underwent eight cycles, with one cycle every 5 weeks. Each treatment consisted of an i.v. injection of 6 GBq Indium-111-pentetreotide. Comparing the results of the first and the last post-treatment scintigraphy, a regression of the number and intensity of uptake in the lesions was found. Bone scintigraphy showed a regression of the skeletal lesions as well, while X-ray, CT-scan and chromogranin-A levels showed stable disease. Conclusion: Results from the treatment of our patient indicate that the use of high dose radiolabelled somatostatin analogues could be of significant use, even in the case of bone metastases. To our knowledge, this is the first report describing therapeutic effects on bone metastases from a neuroendocrine tumour.
Introduction
Serotonin secreting tumours of the pancreas are very rare, comprising , 1% of all neuroendocrine tumours (1) . Resection of local disease or of regional nodular metastatic disease cures some patients. However, the disease is usually diagnosed when the tumour is large and has already metastasised. At this stage, therapy is based on treating clinical symptoms caused by the increased hormone production and excretion (1, 2) . Small series of liver transplantations have been reported but the long term results are unconvincing. In these studies, survival of patients with liver metastases from neuroendocrine tumours in which a liver transplantation has been performed varied from 2 to 61 months (3 -6) . Today, with the introduction of somatostatin analogues and particularly octreotide, most of the hormone-related symptoms can be controlled. Somatostatin analogues have also shown to be inhibitors of tumour growth, but data are conflicting (7) . In more recent studies, tumour targeted radioactive treatment with Yttrium-90 or Indium-111 labelled analogues have been described (8 -11) .
In this paper we report on a patient diagnosed with a carcinoid of the pancreas, who underwent radionuclide therapy with 111 Indium pentetreotide to treat multiple bone metastases.
Case report
A 55-year-old male presented in November 1990 with stomach ache with dorsal irradiation. Ultrasonography (US) and computed tomography (CT-) scans of the abdomen showed a 5 cm lesion in the tail of the pancreas and enlargement of the spleen. Furthermore, multiple lesions were seen in the right lobe of the liver, the largest of which had a diameter of 10 cm.
Biopsy and histological examination of a specimen of one of the lesions revealed a neuroendocrine tumour with multiple liver metastases. The patient developed secondary diabetes as a result of the neoplasm invasion. Polychemotherapy was initiated (5-Fluorouracil, Farmarubicin, Detilin) and after seven cycles a tumour regression of 30% was achieved.
In July 1992 the patient underwent resection of the tail of the pancreas, a splenectomy and a resection of the retroperitoneal lymph nodes. Immunohistochemistry of the primary tumour showed a positive reaction to anti-5-phenylalanin, anti-polypeptide P and antichromogranin-A. The diagnoses of malignant carcinoid of the tail of the pancreas with secondary invasion to the spleen and metastases of the liver was made. Thereafter, the patient received a course of four cycles of chemotherapy according to Machover.
Four months after this intervention the patient was admitted to hospital for a transplantation of the liver and pancreatic islets. During the same surgical intervention the distal part of the stomach, the duodenum and the head of the pancreas were resected and a gastroentero anastomosis was constructed. The next day the liver and pancreatic islets were retransplanted because they were non-functioning due to acute rejection. The patient left the hospital in good health, but was admitted again 1 year later with acute hyperglycaemia. The transplanted pancreatic islets had not functioned and the patient had become completely insulin dependent. The patient remained symptom free for 19 months, after which he was admitted to hospital suffering from renal pain. A CT-scan of the abdomen showed a lesion 2 cm in diameter at the site of the left kidney. Renal aortic lymph nodes were resected and biopsies of the liver and left kidney were taken. Histologically the lesion appeared to be a retroperitoneal relapse of a carcinoid. The liver biopsy was taken in order to check its function, which appeared to be normal. Afterwards, the patient underwent local radiotherapy (46 Gy) on the left pararenal region.
In November 1995 bone scintigraphy was performed, which revealed a lesion in the right parietal bone of the skull. This lesion was not confirmed on X-ray or CTscan. One year later, the patient complained of abdominal pain, weight loss and difficulties with digestion and was admitted to hospital with malabsorbtion syndrome. Diagnostic examination (Barium X-ray of the gastrointestinal tract and gastroscopy) showed post-radiation stenosis of the gastroentero anastomoses and adherence of the middle part of the colon transversum to the anastomosis. The stenosis was resected with the attached part of the colon transversum and a new gastroentero anastomosis was constructed.
In March 1997, 5 months after the intervention, the patient was still symptom free. However, bone scintigraphy still showed a metastasis in the right parietal bone of the skull. Moreover, new lesions were found in the eleventh dorsal vertebra and the left anterior superior iliac wing. X-ray showed only a suspected metastasis at the left anterior superior iliac wing. No lesion was seen on the skull and the increased uptake in the eleventh vertebra was thought to be arthrosis. A CT-scan of the pelvis revealed a rounded hyperdense lesion at the left anterior superior iliac wing. Bone scintigraphy in July 1998 showed progressive disease. Lesions were seen in the skull, some ribs, at the cervical, dorsal, lumbar and sacral spine and in the left anterior superior iliac wing. A CT-scan of the abdomen and a diagnostic 131 I-MIBG scan were negative. X-ray showed a lesion at the eleventh dorsal vertebra which was now suspected to be a metastasis. The patient underwent whole body scintigraphy after the injection of 200 MBq Indium-111-pentetreotide. This revealed more bone lesions than were seen upon bone scintigraphy, two node lesions in the epigastric region and one lesion in the transplanted liver. In December 1998, a CT-scan of the pelvis was made and a biopsy of the lesion on the left anterior superior iliac wing was taken. The biopsy revealed a metastasis from the neuroendocrine tumour.
To attempt to stabilise the disease, the patient was admitted in February 1999 to receive the first cycle therapy of 111 In-pentetreotide therapy. Each treatment consisted of an i.v. injection of 6 GBq 111 In-pentetreotide, diluted in 100 ml of saline, over 30 min. After the radionuclide infusion the patient was given 3000 ml of saline with 20 mEq KCl to prevent renal damage from the radionuclide. The saline infusion was repeated for 3 days after the radionuclide administration. The therapeutic activity for each single treatment was obtained by labelling 50 mg 111 In-pentetreotide with 6 GBq 111 In-chloride. The total activity was obtained by labelling five vials of 10 mg 111 Inpentetreotide, each with 1.2 GBq 111 In-chloride. The content of each vial was added to a saline vial in a total volume of 100 ml. Each vial was prepared according to the manufacturer's instructions for diagnostic Octreoscan, Mallinchrodt Inc., St Louis, MN, USA. Quality control measures were performed on each vial. In addition to the first cycle, the patient underwent seven cycles with one cycle every 5 weeks. Forty-eight hours after each cycle whole body and SPET scintigraphy were performed. Comparing the results of the post-treatment scintigraphy performed in February 1999 with the last scan performed in December 1999, a regression of the number and uptake intensity of the lesions was found. Bone scan also showed a regression of the skeletal lesions while X-ray, CT-scan and chromogranin-A showed stable disease. Based on the higher sensitivity demonstrated by bone scan and Indium-111-octreotide scintigraphy in the previous imaging of the patient, we concluded the patient's disease was in regression (Fig. 1) . The monitored haematological parameters did not show important changes during this treatment course. The lowest value of white blood cells was 4.1 £ 10 3 /l and of platelets was 107 £ 10 3 /l. Haemoglobin levels ranged from 12.4 to 13.6 g/dl.
Approximately 1 month after the last cycle the patient had metastatic progression at the liver and abdominal lymph nodes as demonstrated by US and CT-scans and by an increase in chromogranin-A levels. Three months later, new skeletal metatastatic localisations were depicted by a bone scan, which was performed because of a reappearance of bone pain. Several weeks later, the patient developed severe hepatic failure and died.
Discussion
Carcinoid tumours are neuroendocrine tumours derived predominantly from enterochromaffin or Kulchitsky cells and like many neuroendocrine tumours are overexpressed with somatostatin receptors (12, 13) . Somatostatin is a tetradecapeptide with the amino acids arranged in a cyclic fashion, configured by a cysteine-cysteine disulphide bridge. After binding to a somatostatin receptor, the complex is internalised and is again dissociated in the cell after which the somatostatin is transported into the nucleus (14 -16) .
Though some neuroendocrine gastrointestinal tumours can be treated successfully with surgery, neuroendocrine gastroenteropancreatic tumours usually present in a late stage when the disease has already metastasised (17, 18) . In these cases, the basis for therapy is then not to cure, but to ameliorate clinical symptoms, reduce tumour growth and maintain and improve quality of life. Due to the development of somatostatin analogues, the clinical symptoms of the typical carcinoid, such as cutaneous flushing and diarrhoea can be successfully treated (19 -21) . These symptoms, caused by an overproduction of serotonin, have been reported in 70 to 90% of patients with metastatic carcinoid tumours (21) .
Octreotide, an octapeptide that binds with high affinity to somatostatin type-2 and -5 receptors, has like other somatostatin analogues a longer half-life (1 -2 h) than native somatostatin (1 -2 min) and it has demonstrated to be useful for neuroendocrine tumour treatment (13, 22) . Somatostatin analogues labelled with a radioactive isotope are nowadays used to visualise neuroendocrine tumours. Somatostatin receptor scintigraphy can be considered the most important screening procedure for neuroendocrine gastrointestinal tumours (23) . Iodine-123-labelled octreotide was the first somatostatin analogue used for this purpose. New developments have led to the introduction of pentetreotide, a pharmaceutical in which octreotide is chelated using diethylene triamine pentaacetic acid (DTPA) and labelled with Indium-111.
Many authors have demonstrated that scintigraphy with radiolabelled somatostatin analogues is an accurate method for diagnosing neuroendocrine tumours (12, 24 -26). One of the first studies, by Lamberts et al., used scintigraphy with radiolabelled octreotide to successfully localise previously undetected primary or metastatic neuroendocrine tumours (27) . The success of radiolabelled somatostatin analogues in visualising neuroendocrine tumours has led some authors to investigate whether higher doses may lead to the control of tumour growth. Indium-111 is a gamma ray emitter with two energy peaks at 171 and 245 KeV. As it decays by electron capture, in addition to the gamma rays and Auger electrons, it also emits conversion electrons. These electrons provide high energy within a short range. To be effective as a cytotoxic agent, Indium-111 must therefore be internalised within the cell. Several authors have demonstrated that radiolabelled somatostatin analogues, such as 111 In-pentetreotide, are indeed internalised within the cell (14, 15, 28) . A limitation, however, is the rather low yield of conversion electrons that are emitted by Indium-111 per Bq, which is 0.050 per Bq·s and 0.083 per Bq·s for the 219 keV and 145 keV electrons, respectively. More recently, data have become available on the use of Yttrium-90 labelled somatostatin analogues (10, 11) . Yttrium-90 is a pure beta-emitter, with a relative high energy of 935 keV of the electrons emitted. The advantage it has over Indium-111 is that internalisation is not absolutely necessary for an optimal treatment effect. However, whole body scintigraphy after treatment to assess biodistribution and treatment effect is not possible due to the lack of photon emission. In addition, irradiation of normal surrounding tissue may also be more expected as a side-effect than with Indium-111 labelled analogues.
A few studies have been published that describe high dose treatment of 111 In-pentetreotide in patients with neuroendocrine tumours (7, 9, 10, 29 -31) . Krenning et al. were the first to treat 21 patients with metastatic neuroendocrine tumours, where at least four doses of 6.6 GBq 111 In-pentetreotide were given (30) . In a study by McCarthy et al. (8) , 35 patients entered a protocol that evaluated the effect of two doses (6.6 GBq) a month apart. Ö berg et al. treated five patients with successive 6 GBq doses every 3 weeks (7). In all of these studies an improvement of Karnofsky Performance Status, biochemical and radiographic results were used as objective criteria for response. The overall response in patients with metastatic neuroendocrine tumours treated with a high dose (6 -19.6 GBq) 111 In-pentetreotide is in the range of 60 -65%. The patient we described was treated with high activities of 111 In-pentetreotide. For a period of 11 months, a total of 48 GBq 111 In-pentetreotide was given in eight doses (6 GBq per dose). Remarkably, during the course of treatment the patient showed no side effects and no toxicity was reported. Shortly after therapy, scintigraphic studies showed regressive disease, while X-ray and chromogranin-A levels were stable. No significant variations in the Karnofsky Performance Status were reported during treatment over approximately 1 year.
Due to the availability of Indium-111 in our hospital we chose to use a single activity of 6 GBq. However, the optimal activity and the treatment scheduling is still a matter of debate. Today, surgery, medical treatment and chemotherapy are always considered in the therapeutic approach to neuroendocrine tumours of the gastroenteropancreatic tract. Results from the treatment of our patient and the above-mentioned studies support the theory that the use of high dose radiolabelled somatostatin analogues could be of significant use as well. To our knowledge, this is the first report describing therapeutic effects on bone metastases from a neuroendocrine tumour.
